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X- RADIATION IMAGERY DEVICE AND PROCESS FOR MAKING THIS 
DEVICE 



TECHNICAL DOMAIN 

This invention relates to an X-radiation imagery 
device, for example with large dimensions, which can be 
operated in radiography mode or in radioscopy mode, and 
the process for making such a device. 
5 The invention is particularly applicable to 

medical imagery. 

STATE OF PRIOR ART 

A distinction is made between two application 
10 types of radiological imagery techniques, that are 
different from each other by their acquisition 
principle. Only one image is acquired in a radiography 
application, whereas in a radioscopy application a 
series of images is acquired at a rate of twenty-five 
15 video images per second. 

The image for radiography systems on the market at 
the moment is taken analogically, whereas it is digital 
in radioscopy systems . 

The advantage of obtaining a digital image is such 
20 that several solutions are proposed to transform the 
detected analogue signal for radiography applications, 
into a digital signal (image processing means, data 
archiving, etc.). 

In radiography devices, means of detecting X- 
25 radiation comprise films sensitive to X-rays and that 
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emit light that is read by reinforcing screens (for 
example made of BaFBr or BaFCl). 

One first embodiment used to obtain digital 
information consists of coupling these films to a video 
5 camera itself coupled to an image intensifier. The 
digital image thus obtained is instantaneous but its 
quality is mediocre (poor spatial resolution, poor 
conversion efficiency, noise, etc.). 

A second embodiment consists of replacing the film 

10 with its reinforcing screens by a luminous screen with 
a photostimulable memory. This screen keeps the stored 
energy in memory during exposure to X-radiation. The 
information contained in this energy is read later 
after the screen has been scanned by a laser beam. 

15 This embodiment has the disadvantages that the 
radiological device is large, the digital image is not 
obtained instantaneously and the information processing 
time is long (from 40 to 60 seconds). 

A third embodiment consists of using a detector 

20 comprising a photoconductor based on selenium making 
use of the xeradiography principle; the charge 

initially created at the surface of the selenium by 
Corona effect depends on the number of X-photons 
detected. The charge variations are read by 

25 microprobes due to a capacitive effect. After exposure 
to X-rays and after the created charge has been read, 
the selenium layer needs to be recharged. The 
radiological device using this embodiment is large and 
information is read slowly, in about fifteen seconds, 

30 so that it cannot be used in radioscopy mode. 
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In devices used in radioscopy, the digital 
detection means comprise a Radiological Image 
Intensifier (IIR) also called a brightness amplifier. 
This detector is used for creating imagery with 
5 excellent sensitivity in real time, but the image field 
is limited by the maximum size of the vacuum tubes (40 
cm) , a modest spatial resolution, image distortions and 
large dimensions. 

New digital two-dimensional detectors with direct 
10 read-out have been introduced over the last few years, 
however their use is limited to radiography mode only. 
These new detectors have the special features that they 
can be made with large dimensions (for example 4 0x4 0 
cm 2 ) . 

15 Detectors have also appeared with luminous screens 

associated with an optical charge coupled device (CCD) camera, 
requiring an optical reduction for large fields, and there are 
also detectors with flat panels based on amorphous silicon like 
those described in document reference [1] at the end of this 

20 description. This document describes the combination of a 
network of thin a-Si:H film transistors and an a-Fe X-ray 
photoconductor on a glass substrate. 

The technology used to make flat panels based on amorphous 
silicon is based on the technology used to make liquid crystal 

25 displays. A panel is a charge reading matrix made of amorphous 
silicon (a-Si:H) comprising pixels. The panel is read with a 
system of switches (transistors) with control by rows and 
reading by columns. The entire column is read during scanning 
and the electronic processing of the charge is made on remote 

30 electronics. This reading process generates high noise (2 000 
to 5 000 electrons). 
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There are two embodiments of a detector using this 
type of reading panel. 

The most frequent embodiment consists of 
recovering each pixel in the reading panel of a 
photodiode and putting the photodiodes into contact 
with a scintillator, for example made of Csl : Tl . The 
photodiodes convert light radiation into electric 
charges read by the panel based on amorphous silicon. 
This type of device has an efficiency problem related 
to indirect detection of photons; the amplitude of the 
detected signal is low. Furthermore, the use of Csl 
makes it impossible to obtain good absorption of 
photons by Csl and measurements with good spatial 
resolution. A compromise has to be made. Furthermore, 
a luminescence phenomenon that occurs after the X- 
radiation has stopped in the scintillator makes this 
device unusable in radioscopy mode. Finally, the 
filling rate of this type of device is low (from 50 to 
70%). 

A second embodiment consists of depositing a coat 
of amorphous selenium on the reading panel, this coat 
of amorphous selenium directly converting the X- 
radiation into electric charges. The selenium imposes 
some constraints related to the fact that it is a 
lightweight element. This characteristic makes it 
necessary to deposit a thick layer of it to be able to 
stop photons, to the detriment of the efficiency of the 
charge carrier collection. And this requires the 
application of a large potential difference {of the 
order of magnitude of 10 V/jum) to polarize the 
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detector, which is penalizing for use in medical applications. 

In conclusion, there is no device available at the moment 
capable of operating in radiography mode and in radioscopy mode. 

The purpose of the invention is to produce a digital 
imagery device comprising a two-dimensional digital detector 
capable of operating equally well in radiography mode and in 
radioscopy mode, with good detection efficiency and that can be 
made in large dimensions. 

Patent application reference [4] defined at the end of the 
description describes an X-ray image sensor comprising a 
substrate on which a pixel network and a reading circuit are 
placed side by side, followed by an absorbent layer and a 
transparent conducting layer on top. 

DISCLOSURE OF THE INVENTION 

This invention relates to an X-radiation imagery device 
comprising at least one detection matrix made of a 
semiconducting material comprising pixels to convert incident X- 
photons into electric charges and a silicon-based electric 
charges reading panel comprising several electronic devices, 
each electronic device being integrated by pixel, characterized 
in that each detecting matrix is made of a layer of 
semiconducting material deposited in vapour phase on the 
electric charges reading panel. 

Therefore the invention relates to a fully 
integrated semiconductor based device used in 
radiological imagery to make large area digital images 
(for example from 20x20 cm 2 to 40x40 cm 2 ). This device 
has the advantage that it is a structure with low 
noise, with advanced electronics so that they can 
operate in mixed radiography /radioscopy mode with high 
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manufacturing efficiencies and moderate manufacturing 
cost . 

The invention also relates to a process for making 
an X-radiation imagery device comprising at least one 
detecting matrix made of a semiconducting material 
comprising pixels to convert incident X-photons into 
electric charges, and an electric charges reading panel 
based on silicon comprising several electronic devices, 
each electronic device being integrated by pixel, 
characterized in that each detecting matrix is obtained 
a vapor phase deposition of a semiconductor on the 
electric charges reading panel. 

Advantageously, the evaporation properties of this 
semiconductor are such that the deposition can be done 
at low temperature. 

Advantageously, the semiconducting material used 
to make the matrix of detection pixels is CdTe, Hgl 2 or 
Pbl 2 . 

Advantageously, electronic devices made using a 
1.25 jum technological system are used. 

Advantageously, electronic devices made using a 
0.1 jum technological system are used. 

The process according to the invention is 
compatible with the monocrystalline silicon technology 
now used in microelectronics, which has the following 
advantages : 

• it benefits from developments in standard 
microelectronic systems in which the diameter of 
silicon ingots is increasing over the years (from 10 cm 
in 1980 to 35 cm in 2000), to limit the cost of the 
fully integrated detector. 
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• Eliminate coupling or connection steps between 
two elements since a semiconductor based detection 
layer is deposited directly on the monocrystalline 
silicon based reading circuit comprising advanced 
electronics (preamplifier, amplifier, filters, etc.)' 

• The crystalline quality of the detection 
material for use. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 illustrates the X-radiation imagery 
device according to the invention and the process for 
making it. 

Figures 2A to 2E illustrate the process for making 
a radiological imagery device according to the 
invention . 

DETAILED PRESENTATION OF EMBODIMENTS 

This invention relates to an X-radiation imagery 
device that comprises at least one matrix made of a 
semiconducting material to convert incident X-photons 
into electric charges and comprising pixels 11, each 
matrix being arranged on a monocrystalline silicon 
based electric charges reading panel 10 comprising 
several electronic devices, each electronic device 
being integrated by pixel 11 in the said matrix. 

The charges reading panel, for example made using 
conventional 0.1 jum. to 1.25 microelectronic systems 
(diameter a few tens of centimeters) is used as a 
substrate on which the matrix made of semiconducting 
based detection material is deposited, and converts 
incident X-photons into electric charges. 
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For example, the matrix made of a semiconducting 
material may be deposited using the CSVT method 
starting from a source 12 containing the semiconducting 
material 13, inside a chamber 14 containing a 
controlled atmosphere of an inert gas. 

As described in document reference [2], the main 
characteristics of the use of the CSVT (Close-Spaced 
Vapor Transport) method to generate thin layers are 
that it is easy to implement, inexpensive and can be 
used for the growth of large areas. 

In the invention, the source 12 comprising the 
semiconducting material that may be solid or in powder 
form, is heated to a temperature Tl of the order of 
600°C. For example, the semiconducting material used 
may be CdTe, Pbl 2 or Hgl 2 . This source 12 is separated 
from substrate 10 by a short distance that varies from 
1 to 10 mm. The substrate temperature is regulated to 
a temperature T2 less than the temperature of the 
source. It varies from 200°C to 600°C depending on the 
nature of the semiconductor used and the required 
quality of the layer. The temperature gradient created 
enables transport of material between the source 12 and 
the substrate 10. The physical properties of 

semiconductors such as CdTe, Pbl 2 or Hgl 2 associated 
with use of a CSVT method help to reduce strain on the 
substrate by not exceeding a temperature (200 to 450 °C) 
compatible with the resistance to heat of the silicon 
in electronic devices. 
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Different conditions must be satisfied in order to 
deposit this type of semiconducting layer at low 
temperature. The following steps are necessary: 

- heat the source up to its sublimation 
temperature , 

- make the deposit onto a material such that the 
deposited material can be reorganized in the form of a 
layer (the material may be heated in advance), 

- optimise the distance between the source and the 
substrate to diffuse vapor between the source and the 
supported and undispersed substrate, 

- obtain a sufficiently high deposition rate, in 
other words greater than a few jum/h, so that a layer a 
few hundred microns thick capable of efficiently 
stopping photons can be made in a deposition time 
compatible with industrialization of the detector, 

- keep the substrate, that comprises the reading 
circuit, at a temperature such that the circuit is not 
damaged (in other words at a temperature of less than 
450°C for monocrystalline silicon, and less than 250°C 
for amorphous silicon). 

When choosing a useable semiconducting material, 
all its physical properties have to be taken into 
account and a compromise is necessary. The following 
data are available for a given material: 

- the absorption of a material increases as its 
atomic number z increases, 

- a material with a given thickness absorbs X-rays 
better if its density is higher (the target absorption 
is between 70% and 90%), 
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- the detector noise reduces as its resistivity 
increases , 

- the amount of electrical information generated 
by the interaction between the material and X-rays 
increases as the energy of electron-hole pairs reduces, 

- the life must be greater than the extraction 
time, which is the time necessary for the electrons and 
holes to be extracted, 

- the rate of increase of the flux increases when 
the mobility, which is function of the atomic number 
and the density, is increased, 

- the detection for a given applied electric field 
improves when the quality criterion \xx, which is the 
product of the mobility by the life, increases, 

- for equivalent physical characteristics, the 
material requiring application of the lowest possible 
electric field shall be chosen. 

Table 1 contained at the end of the description is 
a comparative table showing different possible 
detection materials, E (V/cm) being the electrical 
field conventionally applied to the material 
considered. 

Therefore, the invention combines the use of a 
semiconductor based detection materials for which the 
deposition method is capable of making large areas (a 
few dm 2 ) with a reading circuit developed on a solid 
wafer of monocrystalline silicon (diameter 10 to 30 cm) 
integrating advanced electronics dedicated to the 
detection of X-radiation (amplification, filters and 
processing) that can be integrated in a pixel, for 
example with a size of 100 to 200 pm. 
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The result is a large area X-radiation imagery 
device that is completely integrated and that has 
considerably improved signal/noise performances. 

In this imagery device, an electronic device is 
placed as close as possible to each detector pixel. 
Consequently, connecting capacitances are minimized and 
the consequence is a large reduction in the read noise 
compared with devices according to prior art. 

Furthermore, the use of electronic devices made 
from monocrystalline silicon means that a detected 
signal amplifier with an excellent quality can be made. 

Finally, the combination of a detector with a low 
connecting capacitance and an electronic device with a 
good quality amplifier, means that the imagery device 
according to the invention has negligible reading 
noise, lower than the noise of the photon, thus making 
it possible to take images at low doses comparable with 
images obtained in radioscopy mode. 

Thus, the imagery device according to the 
invention can operate equally well in radiography mode 
and in radioscopy mode. 

Each electronic device dedicated to detection and 
processing of the charge deposited in the 
semiconducting material is a device that can contain 
several X-ray detection functions. For example, the 
device according to the invention comprises advanced 
electronics like that described in document reference 
[3] that can be integrated for example in a 150 jum x 
150 /jm pixel. Each electronic device may comprise a 
reading circuit and an integration circuit (that stores 
a number of electrons that will be transformed into an 
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analogue voltage and will then be digitized) and/or a 
counting circuit. Means can be added on the input side 
of this basic block to avoid saturating the reading 
means, for example with a continuous darkness current 
circulating in the detector. 

The invention also relates to the process for 
making such an imagery device. Therefore this process, 
as described above, consists of transferring a 
semiconductor by vapour phase with evaporation 
properties such that deposition at low temperature is 
possible on a substrate compatible with its temperature 
resistance, and in this invention this substrate is the 
monocrystalline silicon based reading circuit 
integrating the advanced electronics . 

We will now consider two successive embodiments of 
the imagery device according to the invention. 

In a first embodiment, a 30 cm silicon substrate 
is used with electronics made using the 0.1 ]jm 
technological system. 

Figure 2A illustrates a monocrystalline silicon 
slice 20 (diameter 30 cm), the monocrystalline silicon 
part with integrated electronics having reference 21. 
This figure also shows: 

- control and command pins 22; 

- the 100 to 200 jum pixels 23 comprising dedicated 
electronics . 

Figure 2B illustrates the 20 cm x 20 cm cutout 25 
of a monocrystalline silicon wafer with integrated 
electronics used as a substrate during deposition of a 
semiconducting layer using the CSVT method. 
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Figures 2C and 2D illustrate the semiconducting 
layer 24 deposited using the CSVT method, for example 
to form a 20 cm x 20 cm element 25. 

Figure 2E illustrates the butt connection of four 
5 elements, for example 2 0 cm x 20 cm elements 2 5 to 
obtain a large area digital detector for use in 
radiology, giving an area (40 cm x 40 cm) in accordance 
with the chosen example. 

This embodiment has the following advantages: 
10 - it gives a wide field by assembling several 

detectors ; 

- the use of very advanced electronic functions; 

- the production of electronic devices using 
standard microelectronic technologies. 

15 In a second embodiment, a 15 cm silicon substrate 

is used with electronics made using the 1.25 jjm 
technological system. Electronics made using this type 
of technology is quite sufficient to integrate the 
electronics dedicated to radiology in a 100 jum pixel. 

2 0 Its advantage is its immediate availability and low 
manufacturing costs. For radioscopy applications, four 
10 cm x 10 cm detectors can be combined to give a 20 cm 
x 2 0 cm detection area which is sufficient for a 
medical application. 
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CLAIMS 



1. X-radiation imagery device comprising at least 
one detection matrix made of a semiconducting material 
comprising pixels (11) to convert incident X-photons 
into electric charges and a silicon-based electric 
5 charges reading panel comprising several electronic 
devices, each electronic device being integrated by 
pixel (11), characterized in that each detecting matrix 
is made of a layer of semiconducting material deposited 
in vapour phase on the electric charges reading panel. 



2. Process for making an X-radiation imagery 
device comprising at least one detecting matrix made of 
a semiconducting material comprising pixels (11), to 
convert incident X-photons into electric charges, and 

15 an electric charges reading panel (10) based on silicon 
comprising several electronic devices, each electronic 
device being integrated by pixel (11), characterized in 
that each detecting matrix is obtained by vapour phase 
deposition of a semiconductor (13) on the electric 

20 charges reading panel. 

3. Process according to claim 2, in which the 
evaporation properties of this semiconductor are such 
that the deposition can at a temperature such that the 

2 5 electronic devices are not damaged. 

4. Process according to claim 2, in which the 
semiconducting material used to make the matrix of 
detection pixels is CdTe, Hgl 2 or Pbl 2 . 



10 
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5. Process according to claim 2, in which 
electronic devices made using a 1.25 jjm technological 
system are used. 

6. Process according to claim 2, in which 
electronic devices made using a 0.1 ^m technological 
system are used. 
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WE (I) the undersigned inventor(s), hereby declare(s) that : 

My residence, post office address and citizenship are as stated below next to my name, 

We (I) believe that we are (I am) the original, first, and joint (sole) inventor(s) of the subject matter which is claimed and 
for which a patent is sought on the invention entitled 

X-RADIATION IMAGERY DEVICE AND PROCESS FOR MAKING THIS DEVICE 

the specification of which 

I I is attached hereto. 
H d was filed on 

'42 as Application Serial No. 

V and amended on 

"IP 

^ was filed as PCT international application 
gj Number PCT/FR00/00685 

*. on MARCH 20, 2000 

and was amended under PCT Article 19 
§ on April 12,2001 



We (I) hereby state that we (I) have reviewed and understand the contents of the above-identified specification, including 
the claims, as amended by any amendment referred to above. 



We (I) acknowledge the duty to disclose information known to be material to the patentability of this application as defined 
in Section 1.56 of Title 37 Code of Federal Regulations. 

We (I) hereby claim foreign priority benefits under 35 U.S.C. § 119 (a)-(d) or § 365 (b) of any foreign application(s) for 
patent or inventor's certificate, or § 365 (a) of any PCT International application which designated at least one country other 
than the United States, listed below and have also identified below, by checking the box, any foreign application for patent or 
inventor's certificate, or PCT International application having a filing date before that of the application on which priority is 
claimed. Prior Foreign Application (s) 

Priority 

Application No. Country Day/month/Year Claimed 

99 03588 france 23 march 1999 [x] yes □ no 

Dyes Dno 

Dyes Qno 

Dyes Dno 



=$> 



.1 
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We (I) hereby claim the benefit under Title 35, United States Code, § 1 19 (e) of any United States provisional 
application(s) listed below. 



(Application Number) (Filing Date) 



(Application Number) (Filing Date) 

We (I) hereby claim the benefit under 35 U.S.C. §120 of any United States application(s), or § 365(c) of any PCT 
International application designating the United States, listed below and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT International application in the manner provided by the first 
paragraph of 35 U.S.C. § 1 12, 1 acknowledge the duty to disclose information which is material to patentability as defined in 37 
CFR § 1.56 which became available between the filing date of prior application and the national or PCT International filing 
date of this application. 

r Status (pending, patented, 
Application Serial No. Filing Date / abandoned) 



And we (I) hereby appoint :William L. Mathis, Registration Numb er 17.337: A lan E. Kopecki, Registration Number 
jl^yyjl^Eric H. Weisblatt, Registration Number JKL5J15; Peter H. Smolka, Registration NumbejrJL5#i3f-Regis E. Slutter, 
2=T Registration Numbgr— 26,999; Jam es W. Peterson, Registration Numb er 26,057; Robert S.Swecker, Registration Number 
JyjjjJSSr-Samuel C. Miller III, Registration Number-3^60; Terase Stanek REA, Registration Numb er 30,42 7; Platon N. 
03 Mandros, Registration Numbe r 22,124 ; Ralph L. Freeland Jr., Registration Number 16,110; Robert E. Krebs, Registration 
a Number_25j58>5; Benton S. Duffett jr., Registration Num ber 22,030; Robert M. Schulman, Registration Numbe r 31,1 96 j_ 
O Joel M. Freed, Registration Numbej_2J i 10J ; James A. Labarre, Registration Numbe r 28,632; William C. Rowland, 
*jQ Registration Number^M&Sf^orman H. Stepno, Registration NumbeiL_22J16j_E. Joseph Gess, Registration Number 
Q 2 ^510; R ichard H. Kjeldgaard, Registration Number_3il.,1.86; Ronald L. Grudziecki, Registration Numbe r 24.970 ; David D. 
fiT~K^olds, Registration Numbej. 2°v2-73^- T. Gene Dillahunty, Registration Numb er 25 Frederick G. Michaud Jr, 
O Registration Number 26,003; R. Danny Huntington, Registration Number- 27,903 an d Anthony W. Shaw, Registration 
l.l Number 30,104; our (my) attorneys, with full powers of substitution and revocation, to prosecute this application and to 
transacfaTHrnslness in the Patent Office connected therewith; and we (I) hereby request that all correspondence regarding 
this application be sent to the firm of pURNS, DOANE, SWECKER & MATHIS , whose post Office Address is : [George 
Mason Building, Washington and Prince Streets, P.O. Box 1404 AjCTanjjrja, Virginia 223 13-1404^) 

We (I) declare that all statements made herein of our (my) own knowledge are true and that all statements made on 
information and belief are believed to be true ; and future that these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such wilful false statements may jeopardise the validity of the application or any patent issuing 
thereon. 



VER GER Loick 

" Residence: LA Ajy^ {jjj \{A(,AA 

NAME OF FIRST SOLE INVENTOR 000 (n^\{0^\t 

fkftMMS — 




^ t Citizen of : frA*. M Aj>* 

Signature of Inventor ^ 

Post Office Address : The same as residence 

AUGUST 17, 2001 



PEYRET Olivier 



NAME OF SECOND INVENTOR 




Sign^tpe^Mventor 

AUGUST 17, 2001 
Date 



J> AR QUES Marc 



NAME OF THIRD INVENTOR 



Signature of Inventor 

AUGUST 17 T 2001 



Date 



4iP 



WOLNY Michel 



NAME OF FOURTH INVENTOR 



Signature of Inventor 

AUGUST 17, 2001 



Date 



Page 3 of 3 
Declaration 



^Alo (Jr. f5>»TiWil> aQg^i uW. 

ffeft^cg — 

Citizen of : 'F"r? j vvCg__ 



Post Office Address : The same as residence 



Residence : ^ Pit, /W r ,'U- {lti£(l<=l 
FM*st<. ' ~-~ 

Citizen of : f<L fit/ CLQr 



Post Office Address : The same as residence 



3 %QQD mo &>tt 



Citizen of : 



Post Office Address : The same as residence 



NAME OF FIFTH INVENTOR 



Signature of Inventor 

Post Office Address : The same as residence 



Date 



